Context: Serrated adenocarcinoma (SAC) is a recently described, distinct variant of colorectal carcinoma (CRC), accounting for about 7.5% of all CRCs and up to 17.5% of most proximal CRCs. It arises by serrated pathway characterized by early involvement of oncogenic BRAF mutations, excess CpG island methylation and subsequent low-or high-level DNA microsatellite instability and has a poorer prognosis than conventional colorectal carcinoma. Aims: The present study is an attempt to review and reclassify colorectal carcinomas into serrated and nonserrated type, and finds its incidence and associated features. Materials and Methods: Totally, 81 histopathologically diagnosed colorectal carcinomas during the period of 2001-2008 were reviewed. Histopathological criteria by Tuppurainen et al. was used to identify SAC and its features were studied. Results: Out of the total 81 cases of colorectal carcinoma comprising of mainly adenocarcinoma (81.48%), 5 cases of SAC were identified giving an incidence of 6.17%. Female preponderance (60%) was noted with mean age of 61.8 years. Most cases were located in cecum (60%). Serrated growth pattern was most frequent, noted in 60% cases, followed by mucinous in 20% and trabecular in 20%. Serrated mucinous carcinoma case also showed the presence of papillary rods, cell balls, focal clear cell change, and intraluminal dirty necrosis. Conclusion: This study attempts to define serrated colorectal adenocarcinoma in Indian population, where it has rarely been studied, using Tuppurainen et al.'s criteria. Since it is associated with poor prognosis its recognition, it is important for appropriate follow-up and therapeutic intervention.
INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in men (746,000 cases, 10.0% of the total) and the second in women (614,000 cases, 9.2% of the total) worldwide. Almost 55% of the cases occur in more developed regions. In India, its incidence is around 6.3% amongst all cancers in both sexes put together. [1] Serrated adenocarcinoma (SAC) is a recently described, distinct variant of CRC, accounting for about 7.5% of all CRCs and up to 17.5% of most proximal CRCs. [2] The histologic criteria for the diagnosis of SAC include epithelial serrations, clear or eosinophilic cytoplasm, abundant cytoplasm, vesicular nuclei, absence of or <10% necrosis of the total surface area, mucin production, and cell balls and papillary rods in mucinous areas of a tumor. [3] The serrated neoplasia pathway is the new neoplasia pathway that differs from the adenoma-carcinoma sequence. "Serrated pathway" is characterized by early involvement of oncogenic BRAF mutations, excess CpG island methylation and subsequent low-or high-level DNA microsatellite instability (MSI). [2] There are hardly any Indian studies available on SACs to explain its incidence and histomorphology in Indian population. The present study is an attempt to review and reclassify colorectal carcinomas into serrated and nonserrated type. It will also attempt to find the incidence of SAC and study its associated features. Original Article Abstract details regarding age and site of the tumor and histological subtype and grade were retrieved from the histopathology records. Surgical specimens had been fixed in 10% buffered formalin and embedded in paraffin; 5 μm sections were stained with hematoxylin and eosin.
MATERIALS AND METHODS
These slides were reviewed to identify SAC using morphological criteria by Tuppurainen et al. [4] The criteria include cytoplasmic eosinophilia, abundant cytoplasm, chromatin condensation around the nuclear envelope, preserved polarity, and growth pattern being serrated in differentiated carcinomas, trabecular in poorly differentiated carcinomas, and mucinous in mucin-producing carcinomas, the latter also presenting eosinophilic cell balls and papillary rods. Other features included the absence of fibrovascular cores from the serrated epithelial structures and lack of necrotic areas. [4] Other associated histological findings were also noted.
RESULTS
Out of the 81 colorectal carcinomas, most common histological subtype was adenocarcinoma (81.48%) followed by mucinous carcinoma (8.64%) [ Table 1 ]. A total of 5 cases of SAC were identified out of the 81 colorectal carcinomas on review of the histopathology slides, giving an incidence of 6.17%. The clinico-pathological features of these cases are summarized in Table 2 . The age of the patients ranged from 36 to 75 years (mean 61.8 years) with female preponderance (60%). The location of SAC were mostly in cecum (3 cases; 60%) followed by rectum (2 cases; 40%).
As per Tuppurainen's criteria, SAC was characterized by abundant eosinophilic cytoplasm and vesicular nuclei with chromatin condensation around the nuclear envelope. Epithelial serrations are epithelial tufts composed of only epithelium or epithelium and basement membrane material [ Figure 1 ]. This serrated growth pattern was noted in 3 cases but not in the other 2 cases because of poor differentiation or abundant mucin production. In the single case of poorly differentiated serrated carcinoma (Case 5), the predominant growth pattern was trabecular and the case of serrated mucinous carcinoma (Case 4), eosinophilic cell balls and papillary rods were frequent [ Figures 2 and 3 ]. Mucin component was noted in 3/5 serrated carcinomas (60%). The 3 cases with serrated 
DISCUSSION
Colorectal cancer (CRC) is one of the leading causes of cancer deaths in the world. While the incidence rates of CRC is much lower in India, the survival rates for CRC are disproportionately lower. This is in part due to more advanced stage at diagnosis and in part due to inadequate treatments given to the CRC patients in India. [5] Only 60% of colorectal carcinomas arise from conventional adenomas via the suppressor pathway initiated by a mutation of the APC gene. Most of the remaining 40% is accounted for by the serrated pathway (approximately 35%), with the remaining 5% arising via the mutator pathway in Lynch syndrome. [6] In the serrated pathway, epithelial hyperplasia and serrated dysplasia are early morphological changes, and the initial presumed alterations involve CpG island methylation of the promoter regions of DNA repair genes and apoptosis-associated genes, which results in epigenetic silencing of these genes leading to DNA MSI. [4] Serrated adenocarcinoma is considered to be one of the several endpoints of serrated pathway and was discussed first as colorectal carcinoma with similarities to hyperplastic polyps by Jass and Smith in 1992. [7] Till date, almost 160 cases of SAC have been reported in literature. [3] The present study of five SAC cases from review of 81 colorectal carcinoma cases showed an incidence of 6.17%. It correlated with studies by Tuppurainen et al. [4] (7.5%) and Mäkinen et al. [8] (5.8%). The largest case series by García-Solano et al. [3] over a 14-year period, included 85 SACs amongst 927 colorectal carcinoma specimens with an incidence of 9.2%. The comparison of the present study with other international studies has been elucidated in Table 3 . High MSI (MSI-H) carcinomas are frequent in menopausal women and often have serrated morphology owing to estrogen withdrawal and drop in folate levels. [2] This finding correlated with the present study where female preponderance (60%) was noted with a mean age of 61.8 years. Up to 16% of adenocarcinomas of the cecum and ascending colon are SACs, whereas in the distal colon and rectum they make up slightly <6% of all cancers. [4] Sporadic MSI-H carcinomas, MSI-H SACs and sessile serrated adenomas all share proximal localization, whereas traditional serrated adenomas, Low MSI, and microsatellite stable (MSS) SACs have a predilection for the distal colon and rectum. [4] Most of the cases in this study were also located in the proximal colon mainly cecum (60%) followed by rectum (40%).
Morphological criteria for SAC mainly includes serrated morphology, mucinous differentiation, cell clusters or chains floating in mucin, eosinophilic cytoplasm, vesicular nuclei and the absence of dirty necrosis. The criteria by Tuppurainen et al. [4] were followed in this study. Three major growth patterns are associated with SAC: Serrated pattern, trabecular pattern and mucinous pattern. Most frequent pattern is the serrated pattern, representing over two-thirds of SACs. Epithelial serrations are composed of epithelium and possibly basement material, but lack the fibrovascular cores seen in nonserrated carcinomas. The mucinous pattern overlaps with the serrated pattern, as 43% of SACs are mucinous. The trabecular pattern is characteristic of poorly differentiated SACs (7%) that may lose their ability to form serrated structures, but these cases still frequently show an eosinophilic, relatively abundant cytoplasm with vesicular nuclei and chromatin condensation at the nuclear envelope. [2] In this study, serrated growth pattern was noted in 60% cases, mucinous in 20% and trabecular in 20%. The histological grade was low in the majority of cases (60%), which was noted by other authors as well [ Table 3 ].
Mucin component was one of the predominant features noted in 60% of the cases. Similar finding was described by Mäkinen et al. [8] in 74.1% cases. In present study, out of total 7 mucinous colorectal carcinomas, 1 was serrated mucinous carcinoma (14.3%) as compared to 17.6% in the study by Mäkinen et al. [8] In the case of serrated mucinous carcinoma, other histological features that were noted were papillary rods, cell balls, focal clear cell change and intraluminal dirty necrosis. Among the serrated mucinous carcinomas studied by Tuppurainen et al., [4] 92.9% cases showed papillary rods and 78.6% showed cell balls. Tuppurainen et al. [4] has also described clear cell variant of serrated carcinoma in 7% cases. Intraluminal dirty necrosis is more a feature of MSS type nonserrated colorectal carcinoma. [9] However, it was noted by Tuppurainen et al. [4] in 10.7% of SACs focally.
Serrated adenocarcinomas are more frequently encountered in more advanced stages than CRCs and that they do indeed have a worse prognosis than CRCs. The cumulative 5-year survival rate of patients with proximal SACs was >70%, whereas it was <30% in patients with distal SACs. [8] Distinct molecular clustering of SACs classified using these criteria signify that SAC is a genuine entity and that morphological features associated with SACs are both reproducible and biologically relevant. MSI-H has been detected in 16.1% of SACs, and 80% of them were located in the proximal colon. [2] Although expression microarray and immunohistochemistry analyses performed on SAC and non-SAC cases have demonstrated that SAC does indeed form a distinct subclass of CRCs, SAC has not yet been fully accepted by the scientific community.
Presently, there is no molecular marker to unequivocally identify SAC and MSI and BRAF mutations may or may not be present in this tumor. [3] The purpose of this study was to validate previously defined histopathologic features in Indian population because, presently, morphologic evaluation is the only diagnostic criterion for this tumor. In addition, the term serrated, which designates this tumor type, arises from a morphologic observation.
CONCLUSION
Serrated adenocarcinoma is a variant of colorectal carcinoma with distinct precursor lesions, unique histologic features, and a poorer prognosis. Because the 5-year survival of patients with SAC (especially left-sided) is worse than that of patients with CRC, it is essential that SAC be properly recognized. The present study showed an incidence of 6.17% among all colorectal carcinomas reported over 7-year period with female preponderance. This study is an attempt to improve the awareness of serrated colorectal adenocarcinoma especially in Indian population where it has been rarely looked for in routine histopathological reporting. Only identification of SAC will allow it to be further characterized, making it possible to find optimal prevention and treatment modalities for this variant of colorectal cancer.
